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PRELIMINARY AND SHORT REPORTS
STUDIES ON THE CHEMICAL COMPOSITION OF HUMAN HAIR FAT
I. THE SQIJALENE-CHOLESTEEOL RELATIONSHIP IN CHILDHEN AND ADULTS5
NICHOLAS NICOLAIDES, PH.D. AND STEPHEN ROTHMAN, M.D.
Surprisingly little attention has been paid to the early data of Eckstein (1) on the rela-
tively high cholesterol content of children's hair fat (9 to 12 per cent) as compared to that
of adults (1 to 5 per cent). Since squalene has been demonstrated to be present in skin sur-
face fats (2, 3), and since it was shown recently that squalene is converted into cholesterol
in the animal body (4a) it was thought that some relationship might exist between these
two substances as they occur in hair fat of children and of adults.
MATEHIAL5, METHOO5 AND HESULT5
Various pooled hair samples were obtained from state institutions from hair-cuts of
of inmates who did not use hair preparations of any sort. The fat was obtained by exhaus-
tive batchwise extraction of the hair, first with petroleum ether (b. 30—60°C) then with puri-
fied ether. After removal of free fatty acids by extracting the ether solution of the fat with
1 per cent KOH, the resulting neutral portion was saponified twice with 10 per cent KOH
in 95 per cent alcohol for ft hours in an atmosphere of nitrogen. The unsaponifiable was
then chromatographed on alumina collecting eluates successively of petroleum ether, ben-
acne, ether, methanol and acetic acid. Cholesterol was determined colorimetrically and
gravimetrically on the digitonide of the total unsaponifiable, on the digitonide of the
chromatographed ether eluate, and by direct colorimetry on the ether eluate, all methods
agreeing within 7 per cent of each other. The presence of squalene was confirmed by the
preparation of isomeric hexachlorides (5) from the petroleum ether eluate of the unsaponifi-
able and also from the petroleum ether eluate obtained from the chromatographing of the
total original nonsaponified fat directly on alumina. When total fat is thus chromato-
graphed, two maxima are obtained with petroleum ether elution, the first containing all
of the squalene. The amount of squalene was then estimated colorimetrically on the ap-
propriate eluate by the method of Sobel (2).
Since it required two weeks to one month to accumulate enough hair to yield an adequate
supply of fat it was necessary to make sure that the squalene had not deteriorated in the
pooled hair during collection time. Fresh hair fat samples were therefore obtained by the
so-called "ether wipings" method (6) from two healthy 23-year-old males "P" and "A"
both with good hair growth and with no signs of early male baldness or seborrhea. Their
scalps were wiped daily for three weeks with fat-free cotton swabs soaked in ether. The
swabs were stored during collection time under petroleum ether in a cool dark place.
The percentage in the fat of squalene and cholesterol along with the molar ratio of the
two substances are given for all the samples in Table I.
The most conspicuous differences are seen when the hair fat of adults is compared to that
of boys. The cholesterol content of the hair fat of boys is nearly three and one-half times as
great as that of either men or women. The squalene content for boys, on the other hand,
is only one fourth as great as it is for men or one fifth as great as that for women. The re-
lationship is more clearly seen on comparing moles of cholesterol per mole of squalene. This
ratio is twelve times greater for boys than for men and eighteen times greater for boys than
for women.
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The cholesterol content of the hair fat of men is very close to that of women. The squalene
content of the hair fat of women appears to be higher than that of men. However, many
more determinations must be made before this conclusion is statistically established.
TABLE I
The squalene and cholesterol content of the hair fat of men, women and boys
'
SAMPLE MATERIAL SOURCE SQUANE CHOLESTEROL
MOLES CHOLES-
TEPOL PER
SQUALENE
J
I W Pooled cut hair Adult males
IV W Pooled cut hair Adult males
II 14 Pooled cut hair Adult males
%
4.06
4.00
6.20
5.05
4.39
4.71
%
3.67
3.50
4.12
3.70
3.36
3.92
.061
.778
.705
.815
.814
.897
Averages
P Scalp wipings Adult male
A Scalp wipings Adult male
Averages 4.55 3.64
3.40
3.41
.856
.599
.456
I FW Pooled cut hair Adult females
II FW Pooled cut hair Adult females
6.06
7.94
Averages 7.00 3.41 .528
I Oh Pooled cut hair Boys 6—12 yrs.
III Oh Pooled cut hair Boys 6—12 yrs.
1.42 12.2
1.28 12.2
1.35 12.2
9.10
10.10
9.60
—
Averages
njscussiox
It was shown that cholesterol is synthesized in mammalian skin (7). If squalene should be
an obligatory intermediate of cholesterol biosynthesis (4), then the results above indicate
that prepubertal skin is much more efficient in this conversion than is the skin of adults.
Or, conversely, in the skin after puberty, this synthesis is inhibited at the squalene or at
some later stage.
This phenomenon seems to apply not only to the human skin, but is apparently quite
general. For example, André and Canal (8) report that the liver oil of a baby shark had 18
per cent squalene and 22.5 per cent cholesterol whereas that of the adult shark had 48 per
cent squalene and 2 per cent cholesterol. Dimter (9) found a similar increase in the content
of a "squalene-like" hydrocarbon when the liver fat of the fetus of the cow, pig, horse or
man was compared to that of the mature organism, whereas cholesterol showed a simul-
taneous drop.
It is not certain yet whether the difference found in squalene content in male and female
hair fat is significant. In any case, it seems improbable that squalene, which causes tem-
porary hair loss when applied locally to the skin of rabbits and guinea pigs (10), could play
any role in the development of early male baldness, because, if anything, the squalene con-
tent of female hair fat is higher than that of male hair fat. No attempt was made to select
the hair from balding or from non-balding men during collection; so, presumably, the male
hair fat contained a significant amount of fat derived from balding men.
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SUMMARY
1. The average cholesterol content of the hair fat obtained from extracting pooled sam-
ples of hair from boys 6 to 12 years of age is 12.2 per cent, that for men is 3.8 per cent and
that for women 3.5 per cent.
2. The average squalene content of the hair fat of boys 6 to 12 years of age is 1.35 per
cent as compared to 5.1 per cent for men and 7.0 per cent for women.
3. The ratio of moles of cholesterol per mole of squalene in the hair fat of boys is at least
twelve times as large as it is for adults, thus indicating a much higher efficiency for the
conversion of squalene into cholesterol by the prepubertal skin than by the skin of the
adult.
4. Because the squalene content of the hair fat of males is not higher than that of females,
squalene probably cannot be responsible for early male baldness.
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ADDENDUM
Aftercompletion of this study Drs. S. L. Washburn and G. J. Liese (Metabolism Division,
Department of Medicine, Washington University, St. Louis, Missouri) kindly informed us
that in a study of surface fats collected from forearms with the technic of MacKenna et al.
(3) they found a significantly higher cholesterol content in the skin surface fats of children
than in that of adults. Their paper will he published in the J. Lab. &Clin. Med.
